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FIELD OF THE INVENTION 

This invention relates to a display drive unit 
suitable for a matrix type liquid crystal display (LCD) 
for example, and to a display utilizing such display drive 
unit. 



BACKGROUND OF THE INVENTION 

Matrix type LCDs having multiple rows of striping 
electrodes (referred to as scanning electrodes or common 
electrodes) and multiple columns of electrodes (referred 
to signaling electrodes or segment electrodes) arranged 
perpendicular to the scanning electrodes have been 
widely used as means for displaying information in dot 
presentation. 

A picture is displayed on such an LCD display by 

applying a scanning voltage to the respective scanning 

electrodes in turn and simultaneously applying a 

signaling voltage to the multiple signaling electrodes. 

Liquid crystal elements (LCEs) are formed at the 

intersections of the scanning electrodes and the 

signaling electrodes one for each intersection. 

Each of the LCEs is controlled to have a specific 
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transparency determined by an applied effective voltage 
for a predetermined period of time (one frame period) 
required to scan all the scanning electrodes once. This 
scanning provides a desired picture on the display for 
each frame period. 

Referring to Fig. 8, there is shown a circuit 
arrangement of a conventional display drive for an LCD. 
The display drive generates first through sixth output 
voltages VO, VI, V2, V3, V4, and V5, respectively, to be 
supplied to the LCD. It should be understood that 
voltages represent potentials with respect to the ground 
potential unless otherwise stated. The LCD includes a 
display panel, a scanning drive circuit for sequentially 
scanning the scanning electrodes, and a signaling drive 
circuit for applying a signal voltage to the respective 
signaling electrodes in synchronism with the scanning. 

A step-up circuit CHP comprises of a charge pump 
circuit, which is adapted to receive a supply voltage Vcc 
from a battery and a clock signal elk and step up the 
voltage Vcc to a step-up supply voltage Vdd. 

The supply voltage Vdd is supplied to a voltage 
amplifier Al together with a reference voltage Vref to 
obtain a first bias voltage VOr by amplifying the 
reference voltage Vref by a predetermined factor. The 
first bias voltage VOr is then divided by resistors R0-R4 
to obtain second through fifth bias voltages Vlr-V4r, 
respectively. 



The first through the fifth bias voltages V0r~V4r 
are respectively input to a first through a fifth buffer 
circuits B0-B4 operating at the supply voltage V d d , each 
of which outputs the same voltage V0-V4 as the 
respective input voltage VOr *V4r. The sixth voltage V5 
has the ground potential. 

Of these output voltages V0-V5, the first, second, 
fifth, and sixth output voltages VO, VI, V4, and V5 are 
supplied to the scanning drive circuit of the LCD. The 
first, third, fourth, and sixth output voltages VO, V2, V3, 
and V5 are supplied to the signaling drive circuit. These 
output voltages are selected and used in synchronism 
with an alternation signal FR of the LCD. In what follows 
the alternation signal FR will be described for one frame 
period. 

Fig. 9 illustrates typical waveforms of drive 
voltages applied to a particular set of scanning electrode 
COMj and signaling electrode SEGk of an LCD having n 
scanning electrodes and m signaling electrodes. 

In odd numbered frames (for which FR being high 
(H)), scanning electrodes C O M 1 - C O M n are scanned to 
sequentially select one scanning electrode, COMj say, at 
a time. The selected scanning electrode COMj is supplied 
with the first output voltage VO. The rest of the scanning 
electrodes COMl-COMn (excluding COMj) are supplied 
with the fifth output voltage V4. On the other hand, the 

signaling electrodes SEGl-SEGm are supplied with 
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either the fourth voltage V3 or the sixth voltage V5 in 
accord with the display signal associated with the 
selected scanning electrode selected. 

Similarly, in the even numbered frames (for which 
FR being low (D), the scanning electrodes C O M 1 - C O M n 
are scanned to sequentially select one scanning electrode 
at a time. The selected electrode COMj, say, is supplied 
with the sixth voltage V5. The rest of the scanning 
electrodes C O M 1 - C O M n excluding COMj are supplied 
with the second output voltage VI. On the other hand, 
signaling electrodes SEGl-SEGm are supplied with 
either the first output voltage VO or the third output 
voltage V2 in accord with the display signal associated 
with the selected scanning electrode selected. 

In this way, under the alternation control of the 
display elements, a picture defined by the display signal 
is displayed on the LCD. 

Each of the display elements of the LCD functions 
as a capacitive element. As a consequence, when the 
voltage of a signaling electrode changes, the voltage of 
the scanning electrode associated with the signaling 
electrode varies, exhibiting a noise voltage. This voltage 
variation causes crosstalks, resulting in degradation of 
the quality of the displayable picture displayed. 

As a measure against such voltage variations, a 
power supply unit for use with an LCD drive is disclosed 
in a reference WO00/41028 (Reference l). This unit 



comprises: two v o 1 1 a g e - f o 1 1 o w e r type differential 
amplifiers each receiving a pair of a first and a second 
voltages NV and PV, respectively; an N-type transistor 
output circuit driven by one of the two differential 
amplifiers; and a P-type transistor output circuit driven 
by the other one of the differential amplifiers. 

This power supply unit is also provided with 
separate charging and discharging operational 
amplifiers for driving liquid crystal display elements. 
JPA H9-292596 (Reference 2) and JPA H9-203885 
(Reference 3) disclose a power supply circuit for use in an 
LCD drive adapted to switch between two operational 
amplifiers at the timing of charging and discharging by 
means of a switching circuit and a timing circuit 
generating a timing pulse for the switching. 

However, in the power supply unit of reference 1 
the pair of voltages NV and PV to be supplied to the two 
differential amplifiers have different magnitudes, that 
is, there is an offset between them, so that the power 
supply unit has a dead band in which both of the 
differential amplifiers become inoperable. It is noted 
that the voltage at the output node of the output circuit 
is detected. Hence, the voltage variation (or noise) that 
has taken place on the display electrode is greatly 
damped by a selector (voltage selection switch) of the 
drive circuit before it is detected at the output node of 
the output circuit. For this reason, the voltage variation 



(noise) on the display electrode cannot be detected 
accurately. 

In the output circuits of references 2 and 3, 
charging and discharging operational amplifiers are 
switched by a timing signal. Thus, additional circuit 
means for generating the timing signal is necessary. 
Further, these drive units cannot control the switching 
to suppress the voltage variation. 

It is, therefore, an object of the present invention 
to provide a display drive unit suitable for driving, for 
example, a matrix type LCD, the drive unit adapted to 
detect the voltage near the display panel and including 
a first output circuit having enhanced capability of 
providing output current to bring up its output voltage 
and a second output circuit having enhanced capability of 
providing output current to bring down its output voltage 
and capable of switching between the two output circuits 
without any dead band, thereby reducing crosstalks in, 
and hence improving the picture quality of, the display 
panel. 



SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, 
there is provided a drive unit for driving a display having 
display elements arranged in a matrix (the unit 
hereinafter referred to as display drive unit and the 
display elements referred to as matrix type display 



elements), the display drive unit comprising- 

a resistive voltage-dividing circuit for dividing a 

display reference voltage into multiple bias voltages? 
multiple buffer circuits for respectively 

converting the multiple bias voltages into output 

voltages through impedance conversion of the bias 

voltages; 

a scanning drive circuit adapted to select from the 
output voltages of the multiple buffer circuits a voltage 
to be applied to the scanning electrodes of the matrix 
type display elements and apply the selected voltage to 
the scanning electrodes; and 

a signaling drive circuit adapted to select from the 
output voltages of the multiple buffer circuits a voltage 
to be applied to the signaling electrodes of the matrix 
type display elements and apply the selected voltage to 
the signaling electrodes, wherein 

at least one of the multiple buffer circuits includes 1 

a first output circuit receiving the bias voltage 
supplied to the buffer circuit and the output voltage of 
the buffer circuit, and having enhanced drive capability 
of providing output current to bring up the output 
voltage; 

a first output switch for allowing the first output 

circuit to output its power; 

a second output circuit receiving the bias voltage 

supplied to the buffer circuit and the output voltage of 
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the buffer circuit, and having enhanced drive capability 
of providing output current for bringing down the output 
voltage; 

a second output switch for allowing the second 
output circuit to output its power; and 

a voltage comparator for comparing the bias 
voltage supplied to the buffer circuit with the voltage 
detected at a node connected to the output end of the 
buffer circuit (the node will be referred to as detection 
node and the voltage referred to as detection voltage), 
the voltage comparator adapted to switch between the 
first and second output switches in accord with the 
comparison. 

The voltage comparator preferably has a hysteresis 
characteristic. The voltage range of the hysteresis may 
be set not to include the bias voltage. 

In accordance with another aspect of the invention, 
there is provided a display drive unit for driving a 
display having matrix type display elements, the display 
drive unit comprising: 

a resistive voltage-dividing circuit for dividing a 
display reference voltage into multiple bias voltages; 

multiple buffer circuits for respectively 
converting the multiple bias voltages into output 
voltages through impedance conversion of the bias 
voltages; 

a scanning drive circuit adapted to select a voltage 
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to be applied to the scanning electrodes of the matrix 
type display elements from the output voltages of the 
multiple buffer circuits and apply the selected voltage to 
the scanning electrodes; and 

a signaling drive circuit adapted to select from the 
output voltages of the multiple buffer circuits a voltage 
to be applied to the signaling electrodes of the matrix 
type display elements and apply the selected voltage to 
the signaling electrodes, wherein 

one of the multiple buffer circuits (referred to as 
high-voltage buffer circuit) includes" 

a first output circuit receiving the bias voltage 
supplied to the high-voltage buffer circuit and the output 
voltage of the high-voltage buffer circuit, and having 
enhanced drive capability of providing output current to 
bring up the output voltage i 

a first output switch for allowing the first output 
circuit to output its power; 

a second output circuit receiving the bias voltage 
supplied to the high-voltage buffer circuit and the output 
voltage of the high - voltage buffer circuit, and having 
enhanced drive capability of providing output current for 
bringing down the output voltage; 

a second output switch for allowing the second 
output circuit to output its power; and 

a first voltage comparator for comparing the bias 
voltage supplied to the high-voltage buffer circuit with 



the voltage obtained by detecting the voltage applied to 
the display elements not in display mode (the voltage 
referred to as detection voltage), the voltage comparator 
adapted to switch between the first and second output 
switches in accord with the comparison. Further, 
another one of the multiple buffer circuits (the buffer 
circuit hereinafter referred to as low-voltage buffer 
circuit) includes; 

a third output circuit receiving a bias voltage 
lower than the bias voltage for the high-voltage buffer 
circuit along with the output voltage of the low-voltage 
buffer circuit, and having enhance drive capability of 
providing output current to bring up the output voltage; 

a third output switch for allowing the third output 
circuit to output its power; 

a fourth output circuit receiving the bias voltage 
supplied to the low-voltage buffer circuit and the output 
voltage of the low-voltage buffer circuit, and having 
enhance drive capability of providing output current to 
bring down the output voltage; 

a fourth output switch for allowing the fourth 
output circuit to output its power; and 

a second voltage comparator for comparing the bias 

voltage supplied to the low-voltage buffer circuit with 

the detection voltage, the voltage comparator adapted to 

switch between the third and fourth output switches in 

accord with the comparison. 
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The detection voltage is taken at a node (referred 
to as detection node) connected to the output end of the 
high-voltage buffer circuit via a first selection switch 
and to the output end of the low-voltage buffer circuit via 
the second selection switch; and either one of the first 
and second selection switches is selected by an 
alternation signal. 

The first and second voltage comparators 
preferably have hysteresis characteristics. 

The first voltage comparator may have a hysteresis 
in a region where the detection voltage is slightly above 
the bias voltage supplied to the high-voltage buffer 
circuit, while the second voltage comparator may have a 
hysteresis in a region where the detection voltage is 
slightly below the bias voltage supplied to the 
low-voltage buffer circuit. 

A display of the invention comprises a matrix type 
display panel driven by any one of the display drive units 
as described above. 

In an inventive display drive unit suitable for 

driving a display such as a matrix type LCD, at least one 

of multiple buffer circuits includes a parallel connection 

of- a first output circuit having enhanced drive 

capability of providing output current to bring up the 

output voltage of the buffer circuit and connected to a 

first output switch for allowing the first output circuit 

to output its power; and a second output circuit having 
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enhanced drive capability of providing output current for 
bringing down the output voltage and connected to a 
second output switch for allowing the second output 
circuit to output its power, wherein the first and the 
second output circuits are supplied with the same bias 
voltage. Thus, no dead band arises in the operation ofthe 
first and the second output circuits, so that the buffer 
circuit promptly recovers its predetermined output 
voltage. 

The display drive unit of the invention is provided 
with a voltage comparator for comparing the bias voltage 
supplied to the buffer circuit with the detection voltage 
detected at a node connected to the output end of the 
buffer circuit (or the detection voltage indicative of the 
voltage applied to a relevant display element not in 
display mode), and adapted to switch between the first 
and second output switches based on the comparison, so 
that the noise contained in the detection voltage is 
absorbed. As a result, since the output circuit not 
providing output current is also in a predetermined 
operational mode, the buffer circuit can provide 
appropriate output voltage immediately after the first 
and second output switches are switched from one to the 
other. 

The drive unit of the invention is responsive to a 
small noise and can promptly absorb it, since the 
detection voltage is taken at a detection node close to the 
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source of the noise. Thus, crosstalks in the display panel 
are reduced, thereby improving the picture quality of the 
display. 

Comparison of the output voltages of the inventive 
output circuits and switching of the outputs thereof can 
be performed in a stable manner. This can be done by 
setting up a hysteresis in the voltage comparator of the 
output circuits, or, in the case where the output circuits 
include a first and a second voltage comparators, by 
setting up a first hysteresis in the first voltage 
comparator in a region where the detection voltage is 
slightly above the bias voltage of the high-voltage buffer 
circuit therefor, and a second hysteresis in the second 
voltage comparator in a region where the detection 
voltage is slightly below the bias voltage of the 
low-voltage buffer circuit. 

It is noted that a common detection voltage can be 
used for the high-voltage and low-voltage buffer circuits, 
so that a single feedback loop can be used for two 
different voltage comparators. In the inventive display, 
noise due to crosstalks is reduced, which improves the 
picture quality of the display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a circuit arrangement of an LCD in 

accordance with one embodiment of the invention. 

Fig. 2 shows a circuit arrangement of the power 

13 



supply circuit shown in Fig. 1. 

Fig. 3. A shows a circuit arrangement of a buffer 
circuit of the power supply circuit. 

Fig. 3.B is a circuit arrangement of another buffer 
circuit of the power supply circuit. 

Fig. 3.C is a circuit arrangement of a still another 
buffer circuit of the power supply circuit. 

Fig. 3.D shows a circuit arrangement of a further 
buffer circuit of the power supply circuit. 

Fig. 3.E is a circuit arrangement of a still further 
buffer circuit of the power supply circuit. 

Fig. 4. A is a graphical representation of an 
operational characteristic of a first voltage comparator 
constituting the power supply circuit. 

Fig. 4.B is a graphical representation of an 
operational characteristic of a second voltage 
comparator constituting .the power supply circuit. 

Fig. 5 shows a circuit arrangement of a signaling 
drive circuit. 

Fig. 6 shows a circuit arrangement of a scanning 
drive circuit 

Fig. 7. A shows a circuit diagram of an exemplary 
analog switch. 

Fig. 7.B shows a circuit diagram of another 
exemplary analog switch. 

Fig. 8 shows a circuit arrangement of a 

conventional power supply unit. 
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Fig. 9 shows waveforms of drive signals for use with 
a liquid crystal display panel. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A display drive unit of the invention and a display 
utilizing the display drive unit will now be described in 
detail with reference to accompanying drawings. 

Referring to Fig. 1, there is shown a circuit 
arrangement of an LCD in accordance with one 
embodiment of the invention. The LCD has a matrix 
display 10, a drive circuit for scanning (scanning drive 
circuit) 20, a drive circuit for signaling (signaling drive 
circuit) 30, a power supply circuit 40, and a control 
circuit 50. It should be understood that an organic EL 
display utilizing organic EL elements could be used in 
place of the LCD. 

Referring to Fig. 2, there is shown a circuit 
diagram of the power supply circuit 40. Figs. 3 . A - 3 . E 
show circuit arrangements of buffer circuits of the power 
supply circuit. Figs. 4. A and 4.B show operational 
characteristics of voltage comparators of the power 
supply circuit. Figs. 7. A and 7.B show circuit diagrams 
of exemplary analog switches. 

As shown in Fig. 1, the display 10 is provided with 
multiple signaling electrodes (or segment electrodes) X 
(Xl*Xm) and multiple scanning electrodes (or common 
electrodes) Y (Yl-Yn), the two types of electrodes formed 
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on two facing substrates such that they are 
perpendicular to each other. The signal and scanning 
electrodes are respectively formed of about several 
hundreds o f e 1 e c t r o d e s . Inserted between the respective 
signaling electrodes X and scanning electrodes Y are 
liquid crystal display elements of a simple matrix 
display for example, the LCD elements forming display 
elements at the respective intersections of the 
electrodes. 

The power supply circuit 40 generates a 
multiplicity of different voltages (six voltages V0-V5 in 
this example) necessary for alternation control of the 
display. These voltages are supplied to either the 
scanning drive circuit 2 0 or the signaling drive circuit 30. 
The voltages V0-V5 are fixed at predetermined levels, 
respectively, which become smaller (or larger) in 
magnitude in the order mentioned. The multiplicity of 
the voltages can be more than six, or less if alternation 
control is not needed. 

The control circuit 50 generates display data D, 

clocks, and different kinds of control signals, which are 

supplied to the scanning drive circuit 20 and the 

signaling drive circuit 30. The display data D include 

data for controlling signals (e.g. PWM data) to be 

supplied to the signaling electrodes Xl Xm. The display 

data D is supplied to the signaling drive circuit 30. The 

tone of the display 10 is controlled based on the display 
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data D. 

A data shifting clock CK, supplied to the signaling 
drive circuit, is for shifting the display data D. A 
scanning clock LP serves as a scanning signal for 
scanning the scanning electrodes Y when it is supplied to 
the scanning drive circuit 20, and serves as a latch signal 
for latching the display data D for one line of display 
data D when supplied to the signaling drive circuit 30. 
An alternation signal FR is an i n v e r t i n g / n o n - i n v e r t i n g 
signal (having a high (H) or a low (L) level) for 
performing alternation driving of the LCD. When 
alternation driving is not needed, the alternation signal 
FR is not required. 

A start signal ST is supplied to the scanning drive 
circuit 20 for starting scanning. 

The scanning drive circuit 20 thus receives a start 
signal ST, a scanning clock LP, and alternation signal FR. 
Then the scanning drive circuit 20 generates a 
predetermined scanning voltage to be supplied to the 
scanning electrodes Yl-Yn in turn to scans these 
electrodes Yl-Yn at a predetermined clock interval. 

Details of the power supply circuit 40 shown in Fig. 

2 will now be described. A power supply voltage Vcc input 

from a battery for example and a clock elk are supplied 

to a step-up circuit CHP, which outputs a step-up power 

supply voltage Vdd. The step-up circuit CHP comprises 

of, for example, a charge pump circuit, and has at the 
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output end thereof a smoothing capacitor for smoothing 
the power supply voltage V d d . 

The power supply voltage Vdd is supplied to a 
voltage amplifier A 1 , which amplifies a reference voltage 
Vref by a predetermined factor to form a display 
reference voltage. This display reference voltage serves 
as a first bias voltage (first reference voltage) VOr. The 
display reference voltage is divided by resistors R0-R4 
into a first bias voltage (first reference voltage) VOr, a 
second bias voltage (second reference voltage) Vlr, a 
third bias voltage (third reference voltage) V2r, a fourth 
bias voltage (fourth reference voltage) V3r, and a fifth 
bias voltage (fifth reference voltage) V4r. 

The first through fifth reference voltages VOr* V4r 
are respectively input to a first through a fifth buffer 
circuits B0'B4, which respectively output a first through 
a fifth output voltages V0-V4, each having the same level 
as the corresponding reference voltage VOr • V4r. In the 
example shown herein, the power supply voltage Vdd 
higher than the output voltages V0-V4 of the respective 
buffer circuits is used to drive the buffer circuits B0-B4. 
Alternatively, the output voltages V0-V3 may be used for 
the same purpose. The sixth voltage V5 equals the 
ground potential. 

Of these first through sixth voltages V0-V5, the 

first, second, fifth, and sixth output voltages, VO, VI, V4, 

and V5, respectively, are supplied to the scanning drive 
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circuit 20 of the LCD. On the other hand, the first, third 
and fourth output voltages V0, V2, and V3, respectively, 
and the sixth voltage V5 are supplied to the signaling 
drive circuit 30 of the LCD. These voltages are selected 
in synchronism with the alternation signal FR of the LCD, 
in the manner as described in connection with Fig. 9. 

Referring to Fig. 3. A, there is shown a circuit 
arrangement of the first buffer circuit BO. The first 
buffer circuit BO is provided with a P - type M O S 
transistor Q0 connected between the power supply 
voltage Vdd and the first output voltage V0, and with a 
c o n s t a n t - c u r r e n t source 10 for flowing weak current (l 
m i c r o - a m p e r e , for example) between the first output 
voltage V0 and the ground. The c o n s t a n t - c u r r e n t source 
10 is provided to stabilize the operation of the buffer 
circuit. Other c o n s t a n t - c u r r e n t sources used in other 
buffer circuits are provided for the same purpose. 

Also, there is provided an operational amplifier 

OP0 receiving the first reference voltage VOr and the 

first output voltage V0 to output a control signal to the 

P-type M O S transistor Q0. In first buffer circuit BO, 

current flows through the P-type M O S transistor Q0, 

wherein the P-type M O S transistor Q0 is controlled such 

that the first output voltage V0 is equilibrated to the 

first reference voltage VOr. Since current flows from the 

power supply voltage Vdd via the P-type M O S transistor 

Q0, the first buffer circuit BO serves as an output circuit 
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having enhanced drive capability of providing output 
current to bring up the first output voltage VO if the 
output voltage VO has lowered. 

Fig. 3.B shows a circuit arrangement of the second 
buffer circuit Bl. The second buffer circuit Bl has a first 
circuitry that includes a P - type MOS transistor Qlp and 
a first output switch SWlp connected in series between, 
for example, the power supply voltage Vdd and the second 
output voltage VI. The second buffer circuit Bl also has 
a second circuit that includes a second output switch 
SWln and an N* type MOS transistor Q In connected in 
series between the second output voltage VI and the 
ground. A c o n s t a n t - c u r r e n t source lip is provided for 
flowing weak current between the output end (drain) of 
the P-type MOS transistor Qlp and the ground. Another 
c o n s t a n t - c u r r e n t source I In is provided for flowing weak 
current between the power supply voltage Vdd and the 
output end (drain) of an N-type MOS transistor Qln. 

There are provided an operational amplifier OPlp 

receiving the second reference voltage Vlr and the 

second output voltage VI to output a control signal to the 

P'type MOS transistor Qlp, and an operational amplifier 

OPln receiving the second reference voltage Vlr and the 

second output voltage VI to output a control signal to the 

N-type MOS transistor Qln. In the second buffer circuit 

Bl, current flows through the P* type MOS transistor Qlp 

when the first output switch SWlp is turned on, while 

20 



current flows through the N*type MOS transistor Qln 
when the second output switch SWln is turned on. In 
either case, the P-type and the N-type MOS transistors 
Qlp and Qln, respectively, are controlled to equilibrate 
the second output voltage VI with the second reference 
voltage Vlr. 

The circuitry that includes the P-type MOS 
transistor Qlp and the operational amplifier OPlp 
constitutes a first output circuit Blp having enhanced 
drive capability of providing output current to bring up 
the second output voltage VI, while the circuitry that 
includes the N-type MOS transistor Qln and the 
operational amplifier OPln constitutes a second output 
circuit Bin having enhanced drive capability of 
providing output current to bring down the second output 
voltage VI. 

In this way, the second buffer circuit Bl has the 

first circuitry having the first output circuit Blp and the 

first output switch SWlp to acquire enhanced drive 

capability of providing output power to bring up its 

output voltage and the second circuitry having the 

second output circuit Bin and the second output switch 

SWln to acquire enhanced drive capability of providing 

output power to bring down its output voltage, with the 

first and second output circuits connected together in 

parallel and receiving the same reference voltage Vlr. 

Thus, no dead band will arise in the operation of the first 
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and second output circuits Blp and Bin, respectively. 

It is noted that the first output switch SWlp and 
the second output switch SWln are controlled by a first 
voltage comparator CP1 as shown in Fig. 2 such that the 
two switches SWlp and SWln are exclusively turned on 
and off in accordance with the output of the first 
comparator CP1. The first voltage comparator CP1 has a 
hysteresis characteristic. For example, when the second 
output voltage VI is raised from a lower level as 
controlled by the first voltage comparator CPl, the first 
output switch SWlp is turned on. On the other hand, 
when the second output voltage VI is lowered from a 
higher level, the second output switch SWln is turned on. 

The first voltage comparator CPl may be provided 
in the second buffer circuit Bl as a part thereof. 

Since the first output voltage VO has a higher 
voltage than the second output voltage VI, the first 
output voltage VO may be utilized, in place of the power 
supply voltage Vdd, as the operational power source for 
the second buffer circuit Bl and the first voltage 
comparator CPl. Similarly, instead of the power supply 
voltage Vdd, an output voltage of one buffer circuit may 
be utilized as the operational power source of another 
buffer circuit if the former buffer circuit has a higher 
output voltage than the latter. 

Fig. 3.C shows a circuit arrangement of the third 
buffer circuit B2. The third buffer circuit B2 has an 
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N-type MOS transistor Q2 connected between the third 
output voltage V 2 and the ground, and a constant-current 
source 12 for flowing weak current between the power 
supply voltage Vdd and the third output voltage V2. The 
third buffer circuit B2 also has an operational amplifier 
OP2 for generating and supplying a control signal to the 
N-type MOS transistor Q2. 

In the third buffer circuit B2, current flows 
through an N-type MOS transistor Q2, wherein the n-type 
MOS transistor Q2 is controlled in such a way that the 
third output voltage V2 is equilibrated to the third 
reference voltage V2r. Since current flows from the third 
output voltage V2 into the third buffer circuit B2, 
allowing the current to flow through the N-type MOS 
transistor Q2, the third buffer circuit B2 serves as an 
output circuit having enhance drive capability of 
providing output current to bring down third output 
v o 1 1 a g e V 2 . 

Fig. 3.D shows a circuit arrangement of the fourth 
buffer circuit B3. The fourth buffer circuit B3 is similar 
in structure to the first buffer circuit BO, receiving as its 
reference voltage the fourth output voltage V3r and 
providing the fourth output voltage V3. 

Fig. 3.E shows a circuit arrangement of the fifth 
buffer circuit B4. The fifth buffer circuit B4 is similar 
in structure to the second buffer circuit Bl of Fig. 3.B, 
receiving the fifth reference voltage V4r as its reference 
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voltage and providing the fifth output voltage V4. As a 

result, the circuitry that includes the P-type MOS 

transistor Q4p and the operational amplifier OP4p 

constitutes a third output circuit B4p having enhanced 

drive capability of providing drive current to bring up 

the fifth output voltage V4. The circuitry that includes 

the N*type MOS transistor Q4n and the operational 

amplifier OP4n constitutes a fourth output circuit B4n 

having enhanced drive capability of providing drive 

current to bring down the fifth output voltage V4. A 

c o n s t a n t - c u r r e n t source I4p is provided for flowing weak 

current between the output end (drain) of the P*type MOS 

transistor Q4p and the ground, and a constant-current 

source I4n for flowing weak current between the power 

supply voltage Vdd and the output end (drain) of an 

N-type MOS transistor Q4n. 

It is noted that the third output switch SW4p and 

the fourth output switch SW4n are controlled by the 

second voltage comparator CP4 such that the two output 

switches SW4p and SW4n are exclusively turned on and 

off in accord with the output of the comparator CP4. The 

second voltage comparator CP4 has a hysteresis 

characteristic. For example, when the fifth output 

voltage V4 is raised from a lower level as controlled by 

the second voltage comparator CP4, the third output 

switch SW4p is turned on. On the other hand when the 

fifth output voltage V4 is lowered from a higher level, the 
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fourth output switch SW4n is turned on. 

The second voltage comparator CP4 may be 
provided in the fifth buffer circuit B4 as a part thereof. 

The first voltage comparator CP1 is supplied with 
the second reference voltage Vlr and a detection voltage 
Vdet 1 • 4 that is supplied to the display elements not in 
display mode, and compares the magnitudes of these 
voltages. The second voltage comparator CP4 is supplied 
with the fifth reference voltage V4r and the detection 
voltage Vdet 1 • 4, and compares these voltages. 

Incidentally, in the scanning drive circuit 20, 
either the second output voltage VI or the fifth output 
voltage V4 is selected by a common voltage selection 
switch (analog switch) in accordance with the level (H or 
L) of the alternation signal FR. The selected voltage is 
supplied to the respective scanning electrodes Yl-Yn via 
a n o n - s e 1 e c t i v e scanning switch. The detection voltage 
Vdet 1 • 4 refers to the voltage that is selected by the 
analog switch for application to the scanning electrodes 
Yl-Yn. That is, the detection voltage Vdet 1 • 4 is the 
voltage applied to the display elements not in display 
mode (either the second output voltage VI or the fifth 
output voltage V4.) Therefore, the detection voltage 
Vdet 1 • 4 is close to the voltage actually applied to the 
scanning electrodes Yl-Yn. For this reason, the 
detection voltage Vdet 1 • 4 reflects the voltage variation 

(noise) on the scanning electrodes Yl-Yn more accurately 
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without being much influenced by the voltage drops 
(attenuation) caused by analog switches. A node 
providing the detection voltage Vdet 1 • 4 will be referred 
to as detection node. 

Fig. 4. A shows the operational characteristic of the 
first voltage comparator CP1 as a function of the 
detection voltage Vdet 1 • 4. In the example shown in Fig. 
4. A, the output of the first comparator CP1 remains low 
(L) while the detection voltage Vdet 1 • 4 is lower than a 
level which is slightly (3 mV for example) larger than the 
second reference voltage Vlr. As a consequence, the first 
output switch SWlp is normally turned on, thereby 
causing the first output circuit Blp to output the second 
output voltage VI. As a consequence, when the detection 
voltage Vdetl • 4 changes from the fifth output voltage V4 
to the second output voltage VI, current will flow out of 
the first output circuit Blp without any time lag due to 
switching. 

When the detection voltage Vdetl • 4 exceeds a level 
higher than the second reference voltage Vlr by a 
predetermined voltage (20 mV for example), the output 
voltage of the first voltage comparator CP1 is pulled up 
to H level, thereby turning on the second output switch 
SWln. This causes current to flow into the second output 
circuit Bin, which absorbs noise of positive polarity. 

In order to allow smooth switching of the first and 
second output switches SWlp and SWln, respectively, the 
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first voltage comparator CP1 preferably has a hysteresis 
of about 20 mV in width. The hysteresis may be set up, 
in a region slightly above the second reference voltage 
Vlr, to have a predetermined width, ranging from Vlr + 

a (e.g. a= 3 mV) to Vlr + j3 (e.g. 0 = 20 mV). 

Fig. 4.B shows an operational characteristic of the 
second voltage comparator CP4 as a function of the 
detection voltage Vdet 1 * 4. This detection voltage 
Vdet 1 • 4 is the same as used for the first voltage 
comparator CP1. The output voltage of the second 
voltage comparator CP4 remains high (H) while the 
detection voltage Vdet 1 • 4 is higher than a level which is 
slightly lower than the fifth reference voltage V4r, as 
shown in Fig. 4.B. As a consequence, the fourth output 
switch SW4n is normally turned on, thereby causing the 
fourth output circuit B4n to output the fifth output 
voltage V4. As a consequence, when the detection voltage 
Vdet 1 • 4 changes from the second output voltage VI to the 
fifth output voltage V4, current will flow into the fourth 
output circuit B4n without any time lag due to switching. 

When the detection voltage Vdet 1 • 4 is lower than 
a level below the fifth reference voltage V4r by a 
predetermined voltage (20 mV for example), the output 
level of the second voltage comparator CP4 is pulled down 
to L level, thereby turning on the third output switch 
SW4p. This causes current to flow out of the third output 
circuit B4p, absorbing noise having a negative polarity. 
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In order to allow smooth switching of the third and 
fourth output' switches SW4p and SW4n, respectively, the 
second voltage comparator CP4 preferably has a 
hysteresis. The hysteresis may be set up, in a region 
slightly below the fifth reference voltage V4r, to have a 
predetermined width. 

Fig. 5 shows a circuit arrangement of the signaling 
drive circuit 30. As shown in Fig. 5, display data D is 
supplied to a shift register 61 in sequence and in 
synchronism with a data shifting clock CK in a data 
shifting operation. Display date D for one line (Dl-Dm) 
is latched in a latch circuit 62 in response to a scanning 
clock LP. 

Each of the signaling electrodes Xl-Xm is provided 
with a pair of one "latch data" switch Swxla-SWxma that 
is turned on when data to be latched exist and one "null 
data" switch SWxlb-SWxmb that is turned off when no 
such data exists. Either the switch S W x 1 a - S W x m a or the 
switch SWxlb-SWxmb is turned on according to the 
display data D (Dl-Dm) latched. 

The first output voltage V0 is supplied to the 

switches SWxla-SWxma via a segment voltage selection 

switch SWsO, or the sixth voltage V5 is supplied to the 

switches SWxla-SWxma via a segment voltage selection 

switch SWs5. The third output voltage V2 is supplied to 

the null-data switches SWxlb-SWxmb via a segment 

voltage selection switch SWs2, or the fourth output 
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voltage V3 is supplied to the null-data switches 
SWxlb-SWxmb via a segment voltage selection switch 
S Ws3. 

The segment voltage selection switches SWs5 and 
SWs3 are selected for odd numbered frames when the 
alternation signal FR is high (H). The segment voltage 
selection switches SWsO and SWs2 are selected for even 
numbered frames when the alternation signal FR is low 
(L). Thus, as is the case with the scanning electrode 
COM] shown in Fig. 9, odd numbered frames are supplied 
with either the sixth voltage V5 or the fourth output 
voltage V3, in accord with the relevant display data, 
while even numbered frames are supplied with either the 
first output voltage VO or the third output voltage V2. 

Fig. 6 shows a circuit arrangement of the scanning 
drive circuit 20. As shown in Fig. 6, the first output 
voltage VO is applied to selection scanning switches 
SWyla-SWyna via a common voltage selection switch 
SWcO, and the sixth voltage V5 is applied to the selection 
scanning switches SWyla-SWyna via a common voltage 
selection switch SWc5. The second output voltage VI is 
supplied to n o n - s e 1 e c t i o n scanning switch SWy lb'SWynb 
via a common voltage selection switch SWcl, and the fifth 
output voltage V4 is supplied to the n o n - s e 1 e c t i o n 
scanning switch SWy lb-SWynb via a common voltage 
selection switch SWc4. 

The selection switches SWcO and SWc4 are selected 
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for odd numbered frames when the alternation signal FR 
is high (H). On the other hand, the selection switches 
SWc5 and SWcl are selected for the even numbered 
frames when the alternation signal FR is low (L). 

Each of the scanning electrodes Yl-Yn is provided 
with a pair of one selection scanning switch 
SWyla-SWyna and one n o n - s e 1 e c t i o n scanning switch 
Swylb'SWynb. 

Upon receipt of a scanning clock LP following a 
start signal ST, a scanning circuit 71 sequentially turns 
on the selection scanning switches SWla-SWyna, one at 
a time. 

Thus, as in the case with the scanning electrode 
COMj shown in Fig. 9, only one scanning electrode is 
selectively pulled up to the first output voltage VO in the 
odd numbered frames, while the rest of the scanning 
electrodes are supplied with the fifth output voltage V4. 
In the even numbered frames, only one of the scanning 
electrodes is selectively pulled up to the sixth voltage V5 
and the rest of the scanning electrodes are supplied with 
the second output voltage VI. 

In the scanning drive circuit 20, the position 

(node) to which the non-selection scanning switch 

SWy lb-SWynb are connected, that is, the position from 

where the second output voltage VI or the fifth output 

voltage V4 is supplied via the common voltage selection 

switch SWcl or common voltage selection switch SWc4, is 
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taken to be the node where the detection voltage Vdet 1 • 4 
is detected. 

Figs. 7. A and 7.B respectively show circuit 
arrangements of an analog switch suitable for flowing 
bi-directional current. 

This analog switch comprises a CMOS transistor 5a 
consisting of a P • type MOS transistor connected in series 
with an N-type transistor, an inverter 5b having an 
output terminal connected to one input terminal of the 
CMOS transistor 5a, and a control signal line SI that is 
connected to the other input terminal of the CMOS 
transistor 5a and to the input terminal of the inverter 5b. 
The analog switch shown in Fig. 7 . A is turned on when the 
control signal line SI is at H level and turned off when 
the control signal line is at L level. The analog switch 
shown in Fig. 7.B is turned on when the control signal 
line SI is at L level and turned off when the control 
signal line is at H level. 

This analog switch may be used as a switch for 
selecting a common voltage selection switch SWcO"SWc5, 
segment voltage selection switch SWsO"SWs5, a signaling 
electrode, and a scanning electrode. 

In the power supply circuit 40 shown in Fig. 2, the 

first and third output switches S W 1 p and SW4p, 

respectively, are P-type MOS transistor switch circuits, 

while the second and fourth output switches SWln and 

SW4n, respectively, are N-type MOS transistor switch 
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circuits. 

Referring to the accompanying drawings, operation 
of the inventive display will now be described in detail. 

The first through sixth voltages V0-V5 output from 
the power supply circuit 40 are supplied to the scanning 
drive circuit 20 and to the signaling drive circuits 30 as 
previously described. The detection voltage Vdet 1 • 4 is 
fed back from the detection node of the scanning drive 
circuit 20 to the first and second voltage comparators 
CP1 and CP4, respectively, of the power supply circuit 
40. 

Under this condition, a start signal ST, display 
data D, a clock CK, a scanning clock LP, and an 
alternation signal FR are supplied from the control 
circuit 50 to the scanning drive circuit 20 and the 
signaling drive circuit 30. As a result, the scanning 
electrodes Yl-Ym are scanned and the signal data D 
(Dl-Dm) are supplied to the signaling electrodes Xl-Xm 
to display a picture on the display 10 in accord with the 
display data D. 

In this operation, it is preferable that each of the 
scanning electrodes and each of the signaling electrodes 
are supplied with predetermined output voltages. 
However, since each of the display elements functions as 
a capacitive element, the voltages of the scanning 
electrodes Yl-Yn fluctuate, exhibiting a noise, in 
response to the changes in voltage of the associated 
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signaling electrodes. 

Looking at the scanning of electrodes associated 
with the common voltage selection switches SWcl and 
SWc4, a scanning electrode in the odd numbered frames 
held at the first output voltage VO at a moment will 
undergo a sudden change in voltage to the fifth output 
voltage V4 in the next moment. On the other hand, a 
signaling electrode undergoes a change to the fourth and 
sixth output voltages V3 and V5, respectively. As a 
consequence, the voltage at the node of the common 
voltage selection switches SWcl and SWc4 (fifth output 
voltage V4 in this example) connected to the scanning 
electrodes cannot be held at the predetermined level but 
fluctuates. These voltage fluctuations cause crosstalks 
and degrade the picture quality of the display. This is 
also the case with the even numbered frames: the voltage 
of scanning electrodes connected to the common voltage 
selection switches SWcl and SWc4 (which is the second 
output voltage VI in this example) cannot be held at the 
predetermined level and fluctuates. Thus, crosstalks 
will take place, resulting in degradation of the picture 
quality of the display. 

According to the invention, fluctuations in voltage 
of the scanning electrodes, that is, fluctuations in the 
second and fifth output voltages VI and V4, respectively 
are promptly suppressed to maintain these voltages at 

the predetermined levels, thereby reducing resultant 

33 



crosstalks. 

Exemplary arrangements for the reduction of the 
fluctuations have been described above. Particularly, 
the detection voltage Vdet 1 • 4 to be compared with 
reference voltages is detected at a node as close as 
possible to the scanning electrodes Yl-Yn. Specifically, 
the detection voltage is taken at a node of the common 
voltage selection switches SWcl and SWc4 connected to 
the scanning electrodes. It is noted that this detection 
voltage Vdet 1 • 4 is fed back to the first and second 
voltage comparators CP1 and CP4, respectively. 

Accordingly, unlike the prior art power supply unit 
as disclosed in the reference 1, voltage fluctuations can 
be detected without being attenuated by the common 
voltage selection switches SWcl and SWc4, thereby 
allowing more accurate detection of the actual voltage. 
Thus, the voltage comparators CP1 and CP4 can promptly 
respond to a small noise and allows the display drive unit 
to provide the output voltages in a stable manner. 

The buffer circuit Bl is a high-voltage buffer 

circuit that includes the first voltage comparator CP1 for 

comparing the reference voltage Vlr with the detection 

voltage Vdet 1 • 4 detected at a detection node connected 

to the output end of the buffer circuit Bl. The first 

voltage comparator CP1 is configured to have a 

hysteresis in a range where the detection voltage 

Vdet 1 • 4 is slightly higher than the reference voltage Vlr 
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of the buffer circuit B 1 . Thus, if the scanning electrode 
held at the sixth voltage V5 at a moment undergoes a 
sudden change in voltage to the second output voltage VI 
in the next moment, switching of the first and second 
output switches SWlp and S W 1 n , respectively, does not 
take place, thereby allowing the power supply unit to 
promptly respond to the change. 

In the same manner, the low-voltage buffer circuit 
B4 includes the second voltage comparator CP4 for 
comparing the reference voltage V4r with the detection 
voltage Vdet 1 • 4 detected at a detection node connected 
to the output end of the buffer circuit B4. The second 
voltage comparator CP4 is configured to have a 
hysteresis in a range where the detection voltage 
Vdet 1 • 4 is slightly lower than the reference voltage V4r 
of the buffer circuit B4. Thus, if a scanning electrode 
held at the first voltage VO at a moment undergoes a 
sudden change in voltage to the fifth output voltage V4 
in the next moment, switching of the third and fourth 
output switches SW4p and SW4n, respectively, does not 
take place, thereby allowing the power supply unit to 
promptly respond to the change. 

Since the first output circuit Blp and the second 
output circuit Bin of the high-voltage buffer circuit Bl 
and the third output circuit B4p and the fourth output 
circuit B4n of the low-voltage buffer circuit B4 are in 
operation at all times, changes in voltage on the scanning 
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electrodes that accompany the changes in voltage (V3^ 
V5, V5->V3, V0->V2, and V2^V0) that has taken place on 
the associated signaling electrodes can be promptly 
suppressed. 

Because the detection node for the detection 
voltage Vdet 1 • 4 is taken at the node of the common 
voltage selection switches SWcl and SWc4 that is 
connected to the scanning electrodes, a single feedback 
loop for feeding back a common detection voltage can be 
used for two voltage comparators CP1 and CP4 comparing 
two different voltages. Industrial Applicability 



INDUSTRIAL APPLICABILITY 

A display drive unit of the invention enables 
reduction of crosstalks in a matrix type display such as 
LCD and an organic EL display and improves the picture 
quality of the display. 
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